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COMPLETE SPECIFICATION 
Dielectrics 



We, Erie Resistor Corporation, a 
COTporation of the State of Pennsylvania, 
United States of America, located at 644, 
West Twelfth Street, Erie, Pennsylvania, 
5 United States of America, do hereby declare 
the invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following state- 

10 ment: — , . . *u 

This invention is intended to improve the 
life and dielectric losses of high dielectric 
cxmstant barium titanate ceramics by the 
addition of a small fraction of a percent of 
15 CTaO^. The CrjOa additions are particularly 
effective at high ten^)eratures. The effect of 
tiie Cr.Oa additions apparentiy is to stabilize 
the ceramic preventing the changes which 
increase the losses and decrease the life. The 
20 Cr^Og additions do not change the dielectric 
strength, the aging, the voltage coefficient of 
capacity, or other characteristics and 
apparentiy act independentiy of other 
additions which modify the properties m otiier 
25 respeas. 

It has been proposed in Patent Specificauon 
No. 574,577 to provide a ceramic composi- 
tion having a high permittivity and formed by 
firing a ceramic mix comprising barium 
30 titanate and if desired up to 10% but usuaUy 
not more than between 1% and 2% of 
chromium oxide. , . t 

This invention consists in a high dielectric 
constant barium titanate ceramic dielectric 
35 having at least 70% by weight BaTiO^ and 
.1 to less than .5% by wdght CraOg. 

In the accompanying drawings Figure 1 is 
a curve of dielectric constant and losses 
against Cr.Oa additions; Figure 2 is a life 
40 curve; and Figuie 3 is a curve of losses and 
insulation resistance against time. 

Barium titanate ceramic didectncs contam- 
ing from 70 to 100% barium titanate and 
having dielectric constants of from 600 to 
45 6,000 or more are widely used in ceraniic 
capacitors. One of the properties of such di- 
electrics is tiiat die life at high operating 
temperatures tends to be low and the losses 



increase substantiaUy with time. Since high 
operating temperatures (85** C. — 125 ° C.) are 
becoming more common, it is desirable that 
tiie life of the barium titanate ceramic di- 
electrics be improved. Since the high tem- 
peratures also increase the dielectric losses, it 
is further desirable that the increase in di- 
electric losses with time be eliminated. It has 
been discovered that both of these objects can 
be achieved by additions of the order of .2% 
of diromium oxide (CroO^). The effea of the 
chromium oxide additions apparentiy is to 
prevent the migration of the oxygen in the 
ceranuc crystal lattice and to stabilize the di- 
electric properties preventing the deterioration 
of the didectxic strength with time which 
leads to failure of the dielectric and likewise 
preventing the increase in didectric loss which 
has heretofore taken place particularly at the 
normal operating temperature (85** C.) and 
most noticeably in higher operating tempera- 
tures up to 125° C. While chromium oxide 
additions have been proposed for barium 
titanate ceramics, the chromium oxide 
additions have been in rdativdy large 
amounts so as to alter the characteristics of 
the barium titanate and make it more like a 
resistor than a dielectric. It has not heretofore 
been appreciated that minute or almost trace 
additions of chromium oxide in the range of a 
small fraction of 1% would materiaUy retard 
the deterioration of the dielectric properties of 
barium titanate ceramics with time so that 
the useful life would be ^eatiy increased. 

The effect of the chromium oxide additions 
is independent of other additions made to the 
barium titanate ceramic for the purpose of 
making other alterations in the dielectric 
properties. The chromium oxide additions do 
not increase the dielectric strength, but 
apparentiy only prevent the deterioration of 
the didectric strength with time under high 
temperature conditions and likewise prevent a 
corresponding increase in the didectric losses. 
The effea of the chromium oxide additions is 
apparentiy limited to barium titanate ceranucs 
containing 70 or more percent by weight of 
barium titanate. Addition of chromium oxide 
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to TiOa does not produce a significant varia- 
tion in either the life or dielectric losses. 

The dielectric properties of barium titanate 
ceramics containing 70 or more percent 

5 barium titanate vary in dielectric constant 
from 600 to 6000 or more depending upon 
the specific composition. This range has been 
investigated and all the barium titanate mixes 
have their life unproved by the small fraction 

10 of 1% chromium oxide additions. Repre- 
sentative formulations coming . wJthin ^ :ti3is: 
range of dielectric constant are as follows: 



K1200 

88 BaTiOa ' * 
15 10 SrZrOa 

2 (C^F^, CaCOa, Fe^Os) 
K2000 

90 BaTiOa 
10 SrTiOa 
20 K350O 

88 BaTiOa 
10 SrZrOs 

2 Flux e.g. Aiagnesium Silicate 
K6000 
25 80 BaTiOa 

10 SrTiOa 
10 CaZrOs 

In the above formulations, the number 
following the "K" is the typiral dielectric 

30 constant, which is subject to variations result- 
ing from the manufacturing processing. In all 
these formulations, the percentages are in 
parts by weight. Throughout the range or 
formulations from dielectric constants of 600 

35 to 6000 or more and percentages of barium 
titanate ranging from 70 to 100, the small 
fraction of 1% chromium oxide additions 
have the same kind of effect, namely, increase 
of life particularly at the lugher operating 

40 temperatures and preventing tibe increase in 
dielectric losses with time. The additions of 
chromium oxide may be as litde as .1 of 1% 
and as much as i-. of 1% with the optimum 
characteristics obtained at from 1/5 to J of 

45 1%. At additions of i of 1%, the dielecttic 
constant is depressed and the dielectric losses 
are increased. With additions of more than i 
of 1% chromium oxide, the dielectric begins 
to take on properties of a resistor rather tiian 

50 a dielectric 

Figs. 1, 2, and 3 show the properties of the 
K3500 mix with additions of chromium oxide. 
Fdg. 1 shows the effect of various percentages 
of chromium oxide additions on the power 

55 factor and dielectric constant of the K3500 
mix. Curve 1 shows that as chromium oxide 
is added to the K3500 mix, the dielectric 
constant increases reaching a maximum at 
about .1 of 1% and then continually decreases 

60 as the percentage of chromium oxide is 



increased. Th : 'V^er factor or dielectric losses 
increase imtii .i of 1% chromiiun oxide 
addition is made and thereafter decreases 
until the chromitmx oxide reaches of 1% 
after which the losses begin to increase. It is 65 
therefore desired to use chromium oxide in an 
amount of substantially :| of 1%, but in any 
event at least 0.1% and less than -| of 1.%, 
On the basis of overaM performance, balancing 
the dielectric constant against the losses, i of 70 
: Ir^ chrojuitun oxide is at the middle of the 
optimum range which extends from .2 to .3 
"of 1% chromium oxide. 

Fig. 2 shows the relative life at 125** C. 
" under a direct current voltage of 100 volts 75 
per .mdl of the standard K35D0 mix wLthout 
any chromium oxide additions and for. tite 
K3500 mix witii the indicated percentages of 
chromium oxide additions. As can be .seen 
from Fig. 2, the K3500 _rmx with tlie 80 
chromium oxide additions has well over 10 
and in many cases IQO times the life of the 
standard K3500 mix without the, .chromium 
oxide ^ddhiom. The difference! in life under 
voltage stress is greater at higher tempera- 85 
tures. This is important, because the life 
under voltage stress is in general adequate at 
the lower temperatures* 

In Fig, 3, which is a plot of the power 
factor of losses against tiine, it can be seen 9Q 
that while the standard K350O mix increases 
in lo^es from 1 to 6% . rnL 500 hours, tiie 
addition of the order of .2% chromium oxide 
entirely eliminates the increase in losses. Not . 
only does the small amount of chromium 95 
oxide reduce or elinunate the increase in 
losses, but it also prevents a falling off m 
insulation resistance. 

While the results shown in Figs. 1 — 3 are 
for the K3 500 mix, the same kmd of results 100 
are obtained with other formulations ruimang 
from K600t— 6000 or more and containing 70 
or more percent barium titanate by weight. In 
all these formulations^ the chromium oxide 
additions should be kept to less ftian -|- of 1% 105 
and the optimum charaaeristic will be 
obtained in the region of .2 of In fact^ 
the phrase "substantially .2 of 1% " is 
perhaps the most satisfactory designation for 
the amount of chromium oxide additions in 110 
which the optimum described effects are 
obtained. . 

What we claim is:— 

1. A high dielectric constant barium 
titanate ceramic dielectric having at least 70% 115 
by weight BaTiOg and from 0.1 to less than 
0.5% by weight CraOs. 

2. A high dielectric constant, bariimi 
titanate ceramic dielectric haviag at least 70% 

by weight BaTiOa and of substantially .2% 120 
by weight Cr^Os. 

3. The ceramic of Qaun 1 containing in 
addition a minor percentage' of SrZrO^. . 



t 
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4, The ceramic of Qaim 1 containing in addition a minor percentage of SrTiO^ and 
addition a minor percentage of SrTiOa- CaZrO^. ,,.131^01? m ttdtt 

5. The ceramic of Qaim 1 comainmg m MAKls.5> cc i^i-iiKJS.. 
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COMPLETE SPECIFICATION 
This drawing is a reproduction of 
the Original on a reduced scale 
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